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(57) ABSTRACT

A wireless communication system includes a first relay sta-
tion that includes a first storage and performs wireless com-
munication with a first base station coupled to an exchange by
a wire, and a mobile device that performs wireless commu-
nication with the first relay station. The first relay station
receives first data with a first sequence number from the first
base station, and stores the first data with a second sequence
number into the first storage, the first relay station selects a
first node as a handover destination, and when the first node is
a second base station coupled to the exchange by a wire, the
first relay station receives second data with a third sequence
number from the first base station, and transmits the first data
with the second sequence number and the second data with a
fourth sequence number continuous to the second sequence
number to the second base station.
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FIG. 19
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FIG. 22
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1
WIRELESS COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation application of Interna-
tional Application PCT/JP2011/002390 filed on Apr. 22,
2011 and designated the U.S., the entire contents of which are
incorporated herein by reference.

FIELD

The present invention relates to a communication system
controlling wireless communication.

BACKGROUND

A communication system controlling wireless communi-
cation includes a network coupled to an exchange and a
plurality of base stations coupled to the network. One base
station communicates with a plurality of mobile devices.

An area in which communication with a mobile device is
ensured owing to one base station is called a cell. It is desir-
able that the cell covers a whole area in which a mobile device
is predicted to move. However, owing to a geographic condi-
tion or a communication data amount, an area occurs that may
not be covered only by the base station.

In order to supplement the area not covered only by the
base station, a relay station is used. The relay station is
coupled to the base station. A mobile device, which exists in
an area covered by the relay station, accesses the exchange
through the relay station, the base station, and the network. A
device such as the relay station or the base station, which is
located at a network coupling point, is called a node.

In wireless communication in which a communication
condition temporally changes, data communication is per-
formed while the measurement value of a radio wave is sent
from a mobile device side and a receiving side confirms a
communication environment on the basis of the measurement
value. When a plurality of nodes exist between the mobile
device and the exchange, and a communication distance
between relay points is long, a signal propagation delay time
between the mobile device and the exchange becomes large.
When the signal propagation delay time has become large,
confirmation processing for the communication environment
with respect to the measurement value becomes delayed. The
delay of the confirmation processing results in the deteriora-
tion of latency.

In order to avoid the deterioration of latency, there has been
atechnique in which data communication is performed using
independent communication protocols between nodes. Using
independent communication protocols between nodes, the
sections of data communication individually become short.
By shortening the sections of data communication, it may be
possible to speed up the confirmation processing for the com-
munication environment with respect to the measurement
value.

When amobile device located in a cell covered by one relay
station moves to a cell covered by another base station, han-
dover processing occurs in a communication system so that
data communication between the mobile device and the
exchange is not disconnected. As related arts, Japanese Laid-
Open Patent Publication No. 2010-183645 and Japanese
Laid-Open Patent Publication No. 2010-157908 are known.

SUMMARY

According to an aspect of the invention, a wireless com-
munication system includes a first relay station that includes
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2

a first storage and performs wireless communication with a
first base station coupled to an exchange by a wire, and a
mobile device that performs wireless communication with
the first relay station. The first relay station receives first data
with a first sequence number from the first base station, and
stores the first data with a second sequence number into the
first storage, the first relay station selects a first node as a
handover destination, and when the first node is a second base
station coupled to the exchange by a wire, the first relay
station receives second data with a third sequence number
from the first base station, and transmits the first data with the
second sequence number and the second data with a fourth
sequence number continuous to the second sequence number
to the second base station.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a block diagram of a wireless communication
system 1 according to the present embodiment.

FIG. 2is ablock diagram illustrating a flow of data between
individual nodes.

FIG. 3 is a block diagram illustrating a difference in pro-
tocol configuration between individual nodes.

FIG. 4 is a detailed block diagram of a base station.

FIG. 5 is a detailed block diagram of a relay station.

FIG. 6 is a handover processing execution determination
flowchart diagram of a relay station serving as a handover
source.

FIG. 7 is a block diagram of a wireless communication
system 1a serving as a portion of the wireless communication
system 1.

FIGS. 8A and 8B are schematic diagrams of data process-
ing operations in individual nodes when handover processing
has occurred in the wireless communication system 1a.

FIG. 9A illustrates a change in the sequence number of
downlink retained data, and FIG. 9B illustrates the sequence
number of uplink retained data.

FIG. 10 is a sequence diagram of the wireless communi-
cation system 1a when a mobile device is handed over from a
relay station to a base station.

FIG. 11 is a processing flowchart diagram of a relay station
serving as a handover source, in the sequence diagram in FIG.
10.

FIG. 12 is a block diagram of a wireless communication
system 15 serving as a portion of the wireless communication
system 1.

FIG. 13A is a schematic diagram when handover process-
ing has occurred during transmission of data from an
exchange to a mobile device, and FIG. 13B is a schematic
diagram when handover processing has occurred during
transmission of data from a mobile device to an exchange.

FIG. 14A illustrates a change in the sequence number of
downlink retained data, and FIG. 14B illustrates the sequence
number of uplink retained data.

FIG. 15 is a sequence diagram of the wireless communi-
cation system 15 when a mobile device is handed over from a
relay station to a relay station.

FIG. 16 is a processing flowchart diagram of a relay station
serving as a handover source, in the sequence diagram in FIG.
15.
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FIGS. 17A and 17B are schematic diagrams of data pro-
cessing operations in individual nodes in the wireless com-
munication system 14.

FIGS. 18A and 18B are first sequence diagrams when data
transfer processing operations in FIGS. 17A and 17B are
performed in the wireless communication system 14.

FIG. 19 is a processing flowchart diagram of a base station
serving as a handover destination, in the sequence diagram in
FIGS. 18A and 18B.

FIGS. 20A and 20B are second sequence diagrams when
data transfer processing operations in FIGS. 17A and 17B are
performed in the wireless communication system 14.

FIGS. 21A and 21B are third sequence diagrams when data
transfer processing operations in FIGS. 17A and 17B are
performed in the wireless communication system 14.

FIG. 22 is a processing flowchart diagram of a base station
serving as a handover destination, in the third sequence dia-
gram in FIGS. 21A and 21B.

DESCRIPTION OF EMBODIMENTS

When handover processing is performed in a communica-
tion system including relay stations, in some cases retained
data occurs in a base station and the relay station depending
on the timing of'the processing. The retained data means data
remaining in a buffer within a node without being transmitted,
in the node serving as a switching source in the handover
processing. When the retained data is discarded and data is
retransmitted from a transmission source again, the process-
ing load of a device occurs that is due to the retransmission
processing. By transferring the retained data to a handover
destination and resuming communication after that, it may be
possible to reduce the processing load due to the retransmis-
sion processing. In the case of the communication system
including relay stations, the optimum transfer destination of
the retained data, a transfer timing, conversion processing for
a data format, and so forth become different depending on
which ofthe base station and the relay station configures a cell
serving as the movement destination of a mobile device.

Hereinafter, the present embodiments will be described. In
addition, the combination of configurations in the individual
embodiments is also included in an embodiment of the
present invention.

FIG. 1 is the block diagram of a wireless communication
system 1 according to the present embodiment. The wireless
communication system 1 executes data communication with
an exchange 2 and a plurality of mobile devices 6. The wire-
less communication system 1 includes the exchange 2, a
network 3, base stations 4, 7, and 8, relay stations 5 and 9, and
the plural mobile devices 6.

In many-to-many electric communication, the exchange 2
switches a signal transmission path in response to the request
of'a sender. The exchange 2 is one of a plurality of exchanges
configuring an electric communication network. The plural
exchanges form the core portion of a mobile communications
network, called a core network.

The network 3 is a network-coupling network coupling by
wires the exchange 2 and the base stations 4, 7, and 8 with
each other.

When the mobile devices or the relay stations perform
communication, the base stations 4, 7, and 8 transmit and
receive wireless signals to and from the mobile devices or the
relay stations. The base stations 4, 7, and 8 are distributed at
adequate intervals and installed. Usually the base stations 4,
7, and 8 simultaneously transmit and receive wireless signals
to and from a plurality of relay stations or mobile devices. The
base stations 4, 7, and 8 perform the setting of channels when
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starting communicating with the relay stations or the mobile
devices, and switch channels at the time of handover. An area
in which each base station is capable of communicating with
a relay station or a mobile device is called a cell.

The relay station 5 transmits and receives wireless signals
to and from the base station 4 and the mobile device 6. The
relay station 9 transmits and receives wireless signals to and
from the base station 8 and the mobile device 6. The relay
stations 5 and 9 secondarily supplement areas cell areas due to
the base stations 4 and 8 may not sufficiently cover. The relay
stations 5 and 9 individually have two functions including a
function as a mobile device communicating with the base
stations 4 and 8 and a function as a base station communicat-
ing with the mobile devices 6. In the present embodiment, the
relay stations 5 and 9 individually relay communication
between the base stations 4 and 8 and the mobile devices 6. In
the present embodiment, the relay stations 5 and 9 individu-
ally exist on a continuous basis, within cells the base stations
4 and 8 cover.

The mobile device 6 is a mobile terminal communicating
with another mobile device through the exchange 2. The
mobile device 6 is capable of moving from a current cell to
another cell. When the mobile device 6 performing wireless
communication with the relay station 5 has moved to a cell
range configured by the relay station 9 or the base station 7,
the relay station 5 executes handover processing as appropri-
ate.

At the time of the occurrence of handover processing,
retained data retained in the base station 4 and the relay
station 5 is transferred to a base station or a relay station,
which serves as a handover destination. Depending on which
of the base station and the relay station configures a cell
serving as the handover destination, an optimum procedure
for the retained data becomes different. In response to the
device configuration of the handover destination, the relay
station 5 selects and executes an optimum transfer processing
for the retained data.

FIG. 2 is a block diagram illustrating the flow of data
between individual nodes. The exchange 2 transmits and
receives control signals and user data to and from the mobile
devices 6 through the relay station 5 and the base station 4.
The control signal is handled in a Control plane (C-plane)
protocol hierarchy, and the user data is handled in a User
plane (U-plane) protocol hierarchy. The base station 4
includes a base station processing unit 20, an exchange gate-
way 25, and a relay gateway 26. The relay station 5 includes
a base station processing unit 40 and a mobile device process-
ing unit 53.

In the base station 4, the base station processing unit 20
performs processing as a base station when the relay station 5
is regarded as a mobile device. The exchange gateway 25 and
the relay gateway 26 perform conversion processing between
a signal format geared toward an exchange and a signal for-
mat geared toward a relay station or a mobile device. In the
relay station 5, the base station processing unit 40 performs
processing as a base station for the mobile device 6. The
mobile device processing unit 53 performs processing as a
mobile device for the base station 4.

Protocols 80a and 805 indicate exchange protocols used
for data communication between an exchange and a base
station when there is no relay station. Protocols 81a and 816
indicate wireless communication protocols used for data
communication between a base station and a mobile device
when there is no relay station. The relay station 5 includes
both of a function for serving as a base station and a function
for serving as a mobile device so as to relay communication
between the mobile device 6 and the base station 4.
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With respect to the mobile device 6, the exchange gateway
25 is a gateway having a function used for making the base
station 4 seem to stand proxy for the exchange 2 when the
relay station 5 exists. The relay gateway 26 relays data com-
munication between the base station 4 and the exchange 2.

Protocols between the relay station 5 and the base station 4
are link protocols having a format where the exchange pro-
tocols 80a and 805 are loaded on the wireless protocols 81a
and 815. The exchange gateway 25 and the relay gateway 26
convert the link protocols into the exchange protocols 80a and
805. In addition, the exchange gateway 25 and the relay
gateway 26 convert the exchange protocols 80a and 805 into
the link protocols.

Owing to the above-mentioned configuration, by causing a
protocol format when there is no relay station to be common
to a protocol format when there is a relay station, it may be
possible for the wireless communication system 1 to enhance
the degree of freedom of the configuration of a wireless
communication system.

FIG. 3 is a block diagram illustrating a difference in pro-
tocol configuration between individual nodes. A communica-
tion method in the present embodiment is L.ong Term Evolu-
tion (LTE). An LTE method includes a U-plane protocol
hierarchy in which user data is handled and a C-plane proto-
col hierarchy in which a control signal is handled. FIG. 3
explains a protocol hierarchy in a U-plane. The description of
a protocol hierarchy in a C-plane will be omitted.

The protocol of the exchange 2 includes UserData 60,
IP/UDP/GTP-U 61, and Ether 62. The UserData 60 is user
data transmitted and received between the mobile device 6
and the exchange 2. The IP/UDP/GTP-U 61 individually
express exchange protocols. The Internet Protocol (IP) is an
Internet communication protocol. The User Datagram Proto-
col (UDP) is a communication protocol not confirming that
data has reached a data transmission partner. The GPRS Tun-
neling Protocol for User Plane (GTP-U) is a protocol used for
transferring user data. The General Packet Radio Service
(GPRS) is one of technologies for transmitting data in units of
packets. The GTP-U is a tunneling protocol used for trans-
ferring retained data to another node. The Ether 62 indicates
that a physical network performing protocol communication
is Ethernet (registered trademark).

The base station 4 performs conversion processing
between an exchange protocol 67 serving as a protocol used
for communication with the exchange 2 and a link protocol 68
used for wireless communication with the relay station 5.
Since the exchange protocol 67 in the base station 4 has the
same configuration as the protocol in the exchange 2, the
description thereof will be omitted.

The link protocol 68 in the base station 4 has a structure
where a wireless communication protocol is loaded on an
exchange protocol. The link protocol 68 includes the User-
Data 60, the IP/UDP/GTP-U 61, the UserData 60, a PDCP 63,
an RLC 64, a MAC 65, and wireless 66. The PDCP (Packet
Data Convergence Protocol) 63 is a wireless protocol per-
forming the concealment of the UserData 60, header com-
pression, and so forth. The PDCP 63 has a sequence number
in communication with the relay station 5. The Radio Link
Control (RLC) 64 is a protocol used for controlling the
retransmission of data. The Medium Access Control (MAC)
65 is a protocol performing mapping between a logical chan-
nel and a transport channel. The wireless 66 indicates that a
physical network performing protocol transmission uses
wireless communication.

The relay station 5 performs conversion processing
between a link protocol 69 with the base station 4 and a
wireless communication protocol 70 with the mobile device
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6. The link protocol 69 is uplink data to be transmitted to the
base station 4. The wireless communication protocol 70 is
downlink data to be transmitted to the mobile device 6. Since
the link protocol 69 has the same configuration as the link
protocol 68 in the base station 4, the description thereof will
be omitted.

The wireless communication protocol 70 in the relay sta-
tion 5 includes the UserData 60, the PDCP 63, the RLC 64,
the MAC 65, and the wireless 66. The wireless communica-
tion protocol 70 has a configuration where the IP/UDP/
GTP-U 61 serving as exchange protocols are removed from
the link protocol 69 geared toward the base station 4. The
sequence number of the wireless communication protocol 70
in the PDCP 63 has a value independent from a sequence
number in the link protocol 69. By causing the sequence
number to be independent in each communication section, it
may be possible to perform data communication independent
in each communication section.

Since the wireless communication protocol in the mobile
device 6 has the same configuration as the wireless commu-
nication protocol 70 in the relay station 5, the description
thereof will be omitted.

As described above, different protocol formats are indi-
vidually used between nodes, and each piece of packet data is
managed using an independent sequence number. Therefore,
it may be possible to send back a response signal with a short
response speed with respect to a request signal from each
node.

FIG. 4 is the detailed block diagram of a base station 4.
Since the base station 7 also has the same configuration as the
base station 4, the base station 4 will be only described, and
the description of the base station 7 will be omitted.

The base station 4 includes the base station processing unit
20, the exchange gateway 25, the relay gateway 26, an
exchange interface unit 27, a call control unit 30, and a device
control unit 31. The base station processing unit 20 performs
processing as a base station when the relay station 5 virtually
operates as a mobile device. The base station processing unit
20 includes a wireless interface unit 21, a modulation and
demodulation unit 22, a wireless protocol processing unit 23,
an exchange protocol processing unit 24, a transfer control
unit 28, and a storage unit 29.

The wireless interface unit 21 transmits and receives wire-
less signals to and from a relay station or a mobile device
through an antenna. The modulation and demodulation unit
22 performs modulation and demodulation processing for
communication data with the relay station or the mobile
device. The wireless protocol processing unit 23 performs
termination for the wireless communication protocol with the
relay station or the mobile device. The exchange protocol
processing unit 24 performs termination for the exchange
protocol with the exchange 2. Examples of the termination
processing for a protocol include the conversion of a protocol
and the assignment of a sequence number.

The exchange gateway 25 and the relay gateway 26 per-
form conversion processing between a signal format geared
toward an exchange and a signal format geared toward a relay
station or amobile device. The signal format geared toward an
exchange is an exchange protocol format. The signal format
geared toward a relay station or a mobile device is a format
where the exchange protocol is loaded on the wireless com-
munication protocol.

With respect to the mobile device, the exchange gateway
25 has a function used for making the base station seem to
stand proxy for the exchange. Owing to this function, the
mobile device performs communication with regarding the
relay station as a proxy base station and the base station as a
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proxy exchange. Since the actual exchange exists in a rank
higher than the base station, the relay gateway 26 performs
relay processing between the base station 4 serving as a proxy
exchange and the actual exchange 2.

The exchange interface unit 27 transmits and receives sig-
nals to and from the exchange 2 through a transmission path.
In response to a call control signal, the call control unit 30
manages a call coupling state. The call control signal is a
signal to be a trigger during a sequence such as setting and
releasing of a path for data transfer, a handover request, or a
resource releasing instruction. While transmitting the call
control signal to another node, the call control unit 30 receives
acall control signal from another node. In response to the type
of'a received handover request signal, the call control unit 30
executes optimum handover processing.

The device control unit 31 monitors and controls the inside
of'thebase station 4. In response to an instruction from the call
controlunit 30, the device control unit 31 performs the setting
and the releasing of a path used for data transfer, on the
transfer control unit 28, the exchange gateway 25, the relay
gateway 26, and the exchange interface unit 27.

In response to an instruction from the device control unit
31, the transfer control unit 28 executes data transfer. The
storage unit 29 stores therein data transmitted from a path for
data transfer. The storage unit 29 may also be a buffer such as,
for example, First In First Out (FIFO).

When the base station 4 is a base station serving as a
handover source, the storage unit 29 has retained data to be
transferred to the base station serving as a handover destina-
tion, using a set path for data transfer. After the setting of a
path used for data transfer has been completed in individual
units in the device, the device control unit 31 instructs the
transfer control unit 28 to transfer the retained data. The
transfer control unit 28 transmits the retained data read from
the storage unit 29, to the path for data transfer. After having
transferred all the retained data, the transfer control unit 28
transmits an EndMarker. The transfer control unit 28 notifies
the device control unit 31 of the transfer completion of the
retained data. The device control unit 31 notifies the call
control unit 30 of the transfer completion of' the retained data.

When the base station 4 is a base station serving as a
handover destination, the storage unit 29 stores therein
retained data transmitted from a relay station serving as a
handover source, using a path for data transfer. After the
setting of a path used for data transfer has been completed in
individual units in the device, the device control unit 31
instructs the transfer control unit 28 to store received retained
data. The transfer control unit 28 writes, into the storage unit
29, the retained data received using the path for data transfer.
When having received an EndMarker, the transfer control unit
28 notifies the device control unit 31 of reception completion.
The device control unit 31 notifies the call control unit 30 of
the reception completion of the retained data. When having
received a notice from the device control unit 31 and a transfer
completion notice from the base station serving as a handover
destination, the call control unit 30 starts the communication
of new data with the mobile device 6 and the base station 4.

Owing to the above-mentioned configuration, it may be
possible for the base station 4 to function as a proxy for an
exchange with respect to a mobile device, and function as a
base station with respect to an actual exchange. In addition, a
pathused for transfer is established with a base station serving
as a handover source, at the time of the occurrence of han-
dover processing, and it may be possible to receive and store
retained data retained in the base station serving as a handover
source.
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FIG. 5 is the detailed block diagram of the relay station 5.
The relay station 5 includes two functions including a func-
tion as a mobile device communicating with the base station
4 and a function as a base station communicating with the
mobile device 6. Since the relay station 9 also has the same
configuration as the relay station 5, the relay station 5 will be
only described, and the description of the relay station 9 will
be omitted.

The relay station 5 includes the base station processing unit
40, the mobile device processing unit 53, a call control unit
51, and a device control unit 52. The base station processing
unit 40 functions as a base station for the mobile device 6. The
mobile device processing unit 53 functions as a mobile device
for the base station 4. The base station processing unit 40
includes a wireless interface unit 41, a modulation and
demodulation unit 42, a wireless protocol processing unit 43,
an exchange protocol processing unit 44, a transfer control
unit 48, and a storage unit 49. The mobile device processing
unit 53 includes a wireless protocol processing unit 45, a
modulation and demodulation unit 46, a wireless interface
unit 47, and a storage unit 50.

The wireless interface unit 41 transmits and receives wire-
less signals to and from a mobile device. The modulation and
demodulation unit 42 demodulates data received from the
mobile device 6, and modulates data to be transmitted to the
mobile device 6. The wireless protocol processing unit 43
performs termination for a received wireless communication
protocol. The exchange protocol processing unit 44 performs
termination for a received exchange protocol.

In response to a call control signal, the call control unit 51
manages a call coupling state. The call control signal is a
signal to be a trigger during a sequence such as setting and
releasing of a path for data transfer, a handover response, or a
resource releasing instruction. The call control signal is trans-
mitted from another node. When having received the call
control signal from another node, the call control unit 51
instructs the device control unit 52 to set and release a path
used for data transfer. In addition, the call control unit 51
transmits a call control signal to another node. In response to
the type of a received handover request signal, the call control
unit 51 executes optimum handover processing.

The device control unit 52 monitors and controls the inside
of the relay station 5. In response to an instruction from the
call control unit 51, the device control unit 52 performs the
setting and the releasing of a path used for data transfer, on the
exchange protocol processing unit 44, the wireless protocol
processing units 43 and 45, the modulation and demodulation
units 42 and 46, the wireless interface units 41 and 47, and the
transfer control unit 48. In response to an instruction from the
device control unit 52, the transfer control unit 48 executes
data transfer processing.

The storage unit 49 stores therein data to be transmitted to
the mobile device 6. The storage unit 50 stores therein data to
be transmitted to the base station 4. The storage units 49 and
50 are, for example, First In First Out (FIFO).

When the relay station 5 is a relay station serving as a
handover source, the storage units 49 and 50 have retained
data to be transferred to a relay station serving as a handover
destination, at the time of the occurrence of handover pro-
cessing. After the setting of a path used for data transfer has
been completed in individual units in the device, the device
control unit 52 instructs the transfer control unit 48 to transfer
the retained data. The transfer control unit 48 transmits the
retained data read from the storage units 49 and 50, to the path
for data transfer. After having transterred all the retained data,
the transfer control unit 48 transmits an EndMarker. The
transfer control unit 48 notifies the device control unit 52 of
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the transfer completion of the retained data. The device con-
trol unit 52 notifies the call control unit 51 of the transfer
completion of the retained data.

When the relay station 5 is a relay station serving as a
handover destination, the storage units 49 and 50 store therein
retained data transmitted from a relay station serving as a
handover source, using a path for data transfer. After the
setting of a path used for data transfer has been completed in
individual units in the device, the device control unit 52
instructs the transfer control unit 48 to store received retained
data. The transfer control unit 48 writes, into the storage units
49 and 50, the retained data received using the path for data
transfer. When having received an EndMarker, the transfer
control unit 48 notifies the device control unit 52 of reception
completion. The device control unit 52 notifies the call con-
trol unit 51 of the reception completion of the retained data.
When having received a notice from the device control unit 52
and a transfer completion notice from the base station serving
as a handover destination, the call control unit 51 instructs the
device control unit 52 to release the path used for data trans-
fer. In response to the instruction from the call control unit 51,
the device control unit 52 causes the exchange protocol pro-
cessing unit 44, the wireless protocol processing units 43 and
45, the modulation and demodulation units 42 and 46, the
wireless interface units 41 and 47, and the transfer control
unit 48 to release the path used for data transfer. After the path
used for data transfer has been released, the relay station 5
starts the communication of new data with the mobile device
6 and the base station 4.

Owing to the above-mentioned configuration, it may be
possible for the relay station 5 to function as a base station
with respect to an actual mobile device, and function as a
mobile device with respect to an actual base station. In addi-
tion, a path used for transfer is established with a relay station
serving as a handover destination, at the time of the occur-
rence of handover processing, and it may be possible to
receive and store retained data retained in a relay station
serving as a handover source.

FIG. 6 is the handover processing execution determination
flowchart diagram of a relay station serving as a handover
source. In the relay station 5 serving as a handover source, the
call control unit 51 starts executing handover processing, on
the basis of the measurement result of the intensity of a
reception radio wave from the mobile device 6.

The call control unit 51 has the cell number of a neighbor-
ing cell and the configuration information of a base station or
relay station covering a cell corresponding to each cell num-
ber. By referring to the configuration information on the basis
of'a cell number, the call control unit 51 may judge whether a
cell corresponding to the cell number is due to a base station
or a relay station. The call control unit 51 receives a measure-
ment result periodically transmitted from the mobile device 6.
The measurement result includes information relating to the
intensity of a reception radio wave from a base station or relay
station covering individual adjacent cell numbers.

When having received the measurement result of the radio
wave intensity from the mobile device 6, the call control unit
51 compares a measurement value and a preliminarily set
threshold value with each other (S180). The threshold value is
a value used for determining whether or not to hand over to
another cell area. The threshold value may also be stored in
the call control unit 51.

When the measurement value is greater than or equal to the
threshold value (S181: NO), the call control unit 51 continues
communication with the mobile device with no change, with-
out performing handover processing. When the measurement
value is smaller than the threshold value (S181: YES), the call
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control unit 51 determines a cell to serve as a handover des-
tination, on the basis of the measurement value of the inten-
sity of areception radio wave from another cell, received from
the mobile device 6 (S182).

On the basis of the cell number of the determined cell, the
call control unit 51 refers to the configuration information,
and judges whether a base station or a relay station configures
the cell to serve as a handover destination. On the basis of the
configuration of the judged handover destination, the call
control unit 51 determines the procedure of handover pro-
cessing (S183).

In accordance with the determined procedure of handover
processing, the call control unit 51 transmits a request signal
for handover, to a base station and a relay station, which serve
as handover destinations (S184).

FIG. 7 is the block diagram of a wireless communication
system 1a serving as a portion of the wireless communication
system 1. The wireless communication system 1la includes
the exchange 2, the network 3, the base stations 4 and 7, the
relay station 5, and the plural mobile devices 6. In FIG. 7, the
same number is assigned to the same member as in FIG. 1,
and the description thereof will be omitted.

In the present embodiment, handover processing will be
described that is performed when the mobile device 6 belong-
ing to a cell range formed by the relay station 5 has moved to
a cell range formed by the base station 7.

FIGS. 8A and 8B are the schematic diagrams of data pro-
cessing operations in individual nodes when handover pro-
cessing has occurred in the wireless communication system
1a. FIG. 8A is a schematic diagram when handover process-
ing has occurred in the relay station 5 during the reception of
data from the exchange 2. FIG. 8B is a schematic diagram
when handover processing has occurred in the relay station 5
during the transmission of data to the exchange 2. In FIGS.
8A and 8B, the same number is assigned to the same member
as in FIG. 1, and the description thereof will be omitted.

In FIG. 8A, during transmitting downlink data from the
exchange 2 to the mobile device 6, the relay station 5 per-
forms processing for handing over from the relay station 5 to
the base station 7. In a case where handover has occurred
when the mobile device 6 is receiving data, data is retained in
the base station 4 and the relay station 5. The retention of data
occurs in a wireless section. The protocol of data retained in
the base station 4 is different from the protocol of data
retained in the relay station 5. So as to avoid protocol conver-
sion processing at the time of the transfer of the retained data,
the retained data in the base station 4 is transferred to the base
station 7 along with the retained data in the relay station 5
after having been transferred to the relay station 5.

Using a sequence number assigned to data, the relay station
5 and the base station 7 notify each other of where data
transmitted and received before the handover processing ends
and where new data begins after the handover processing. The
sequence number is independently managed between nodes.
Therefore, even if the sequence numbers of pieces of data are
compared between different nodes, in some cases the antero-
posterior relationship of data is inaccurate. Therefore, at the
time of the occurrence of handover processing, it is desirable
that timing adjustment is performed on retained data transfer
between base stations, retained data transfer between relay
stations, and the reception of data newly received from the
exchange 2 after the handover processing.

Using FIG. 8A, the outline of handover processing at the
time of transmitting downlink data will be described. When
the handover processing has occurred, the base station 4 starts
transferring retained data to the relay station 5 (S1). After the
transfer processing for the retained data has finished, the base
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station 4 notifies the relay station 5 of transfer completion.
The relay station 5 having received a notice from the base
station 4 starts transferring retained data to the base station 7
(S2). After the transfer processing for the retained data has
finished, the relay station 5 notifies the base station 7 of
transfer completion.

The base station 7 having received the transfer completion
notice notifies the exchange 2 and the mobile device 6 of data
transfer completion. The exchange 2 having received the data
transfer completion notice from the base station 7 resumes
communication with the mobile device 6. The exchange 2
transmits downlink data to the base station 7 (S3). The down-
link data transmitted to the base station 7 pushes out downlink
retained data temporarily stored in a storage unit in the base
station 7. The uplink retained data pushed out from the base
station 7 is transmitted to the mobile device 6 (S4). As a result,
the mobile device 6 receives data including the downlink
retained data in the base station 7 and the downlink data
transmitted from the exchange 2, in that order.

As described above, by controlling transfer processing for
data retained in the base station 4 and the relay station 5, it
may be possible to optimize data transmission to the mobile
device 6 after the handover processing.

In FIG. 8B, during the transmission of uplink data from the
mobile device 6 to the exchange 2, the relay station 5 per-
forms processing for handing over from the relay station 5 to
the base station 7. When handover has occurred during the
transmission of uplink data from the mobile device 6, uplink
data is retained in the relay station 5.

Since, in the uplink retained data, a sequence number has
been converted for the base station 4, if the uplink retained
data is transferred to the base station 7 without change, it may
be likely that the order of a number is replaced by the
sequence number of data received from the mobile device 6
after transfer. So as to avoid the replacement of the order, the
relay station 5 converts the protocol and the sequence number
of the uplink retained data, geared toward the base station 4,
into a protocol and a sequence number when having received
from the mobile device 6 (S5).

After the conversion of the protocol and the sequence num-
ber, the relay station 5 starts transferring the uplink retained
data to the base station 7 (S6). In addition, it is assumed that
since the base station 4 is coupled to the exchange 2 by a wire,
the retention of uplink data due to the handover processing
does not occur in the base station 4.

After the completion of the transfer processing for the
retained data, the relay station 5 notifies the base station 7 of
transfer completion. The base station 7 having received the
transfer completion notice from the relay station 5 notifies the
exchange 2 and the mobile device 6 of data transfer comple-
tion.

The mobile device 6 having received the data transfer
completion notice from the base station 7 resumes commu-
nication with the exchange 2. The mobile device 6 transmits
uplink data to the base station 7 (S7). When having received
data, the base station 7 transmits, to the exchange 2, data in
order starting from old uplink retained data temporarily
stored in the storage unit in the base station 7 (S8). As a result,
the exchange 2 receives data including the uplink retained
data in the base station 7 and the uplink data transmitted from
the mobile device 6, in that order.

As described above, by controlling transfer processing for
data retained in the base station 4 and the relay station 5, it
may be possible to optimize data transmission to the
exchange 2 after the handover processing.

FIGS. 9A and 8B illustrate changes in the sequence num-
ber of retained data in data transfer. FIG. 9A illustrates a
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change in the sequence number of downlink retained data.
FIG. 9B illustrates the sequence number of uplink retained
data.

In FIG. 9A, pieces of downlink retained data whose
sequence numbers SN=10, 11, and 12 exist in the base station
4. Pieces of downlink retained data whose sequence numbers
SN=98, 99, and 100 exist in the relay station 5. When the
pieces of downlink retained data in the base station 4 have
been transmitted to the relay station 5, sequence numbers are
reassigned thereto (S50). New sequence numbers satisfy
SN=101, 102, and 103 so as to follow data retained in the
relay station 5.

The relay station 5 transfers the pieces of data of SN=98 to
103 to the base station 7 (S51). By transmitting the pieces of
downlink retained data in the base station 4 to the relay station
5 once and transferring the pieces of downlink retained data to
the base station 7 after having arranged the sequence numbers
thereof, it may be possible to transfer to the base station 7 with
maintaining an anteroposterior relationship between pieces
of data separately retained in the base station 4 and the relay
station 5.

In FIG. 9B, the sequence numbers of pieces of uplink
retained data retained in the relay station 5 satisfy SN=98, 99,
and 100. So as to be transmitted to the base station 4, the
sequence numbers have been converted, in the relay station 5,
into numbers different from when having been received from
the mobile device 6.

On the other hand, the sequence numbers of pieces of data
not having been transmitted from the mobile device 6 satisfy
SN=13, 14, and 15. Accordingly, if the data of the relay
station 5 is transferred to the base station 7 without change,
the sequence numbers of pieces of uplink retained data in the
relay station 5 become larger than the sequence numbers of
pieces of data not having been transmitted from the mobile
device 6. Therefore, order reversal occurs between the pieces
of'uplink retained data in the relay station 5 and the pieces of
data not having been transmitted from the mobile device 6.

In order to avoid reversal of data, on the basis of the
sequence numbers of the pieces of data not having been
transmitted from the mobile device 6, the relay station 5
reassigns sequence numbers so that the sequence numbers
satisfy SN=10, 11, and 12, before transferring the pieces of
uplink retained data to the base station 7. The relay station 5
transfers, to the base station 7, the pieces of uplink retained
data to which the sequence numbers have been reassigned
(S52).

After having transferred the pieces of uplink retained data
to the base station 7, the mobile device 6 starts transmitting
data to the base station 7 (S53). Owing to this, it may be
possible for the mobile device 6 to resume transmitting data to
the exchange 2 with maintaining data order before the han-
dover.

FIG. 10 is the sequence diagram of the wireless commu-
nication system la when the mobile device 6 is handed over
from the relay station 5 to the base station 7.

The mobile device 6 periodically transmits the measure-
ment value of received signal power to the relay station 5
(S10). The relay station 5 executes determination processing
for determining whether or not handover processing is to be
performed (S190). When, as the result of the determination,
having determined that the handover is desired, the relay
station 5 outputs a handover (HO) request signal used for
starting the handover processing, in accordance with the node
configuration of a handover destination (S11). The base sta-
tion 4 having received the handover request signal from the
relay station 5 starts the handover processing, and transmits a
handover request signal to the base station 7.
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When having received the handover request signal, the
base station 7 sets a path for data transfer and a channel, used
for transferring, to the base station 7, retained data retained in
the relay station 5 (S12). When the setting of the path for data
transfer and the channel has been completed, the base station
7 transmits a handover response signal to the base station 4
(S13).

When having received the handover response signal, the
base station 4 sets a path for data transfer and a channel, used
for transferring retained data (S14). When the setting of the
path for data transfer and the channel has been completed, the
base station 4 transmits a handover response signal to the
relay station 5 (S15).

When having received the handover response signal, the
relay station 5 sets a path for data transfer and a channel, used
for transferring retained data (S16). When the setting of the
path for data transfer and the channel has been completed, the
relay station 5 transmits, to the mobile device 6, a wireless
channel resetting request signal used for switching the cou-
pling destination of the mobile device 6 to the base station 7
(S17).

After having transmitted the handover response signal, the
base station 4 transmits downlink retained data to the relay
station 5 (S19). In accordance with the downlink retained data
in the relay station 5, the relay station 5 converts the format
and the sequence number of the downlink retained data
received from the base station 4. In addition, the relay station
5 converts the sequence number of the uplink retained data on
the basis of the sequence number of the data of the mobile
device 6, the data of the mobile device 6 not having been
transmitted (S20).

After having transmitted the wireless channel resetting
request signal, the relay station 5 notifies the base station 7 of
the sequence number of the final packet data of the retained
data retained in the relay station 5 (S21). The base station 7
having received the sequence number starts transfer monitor-
ing processing for the retained data received from the relay
station 5.

After having notified the base station 7 of the sequence
number, the relay station 5 starts transferring the retained data
in the relay station 5 to the base station 7 (S22). After having
transferred all the retained data, the relay station 5 transmits,
to the base station 7, an EndMarker indicating the transfer
completion of the retained data (S23). By receiving the End-
Marker, the base station 7 detects the transfer completion of
the retained data transferred from the relay station 5.

When having received the resetting request signal for a
wireless channel from the relay station 5 serving as a han-
dover source, the mobile device 6 executes resetting process-
ing for communicating with the base station 7 serving as a
handover destination (S18). When the resetting processing
has been completed, the mobile device 6 transmits, to the base
station 7, a resetting completion notice signal indicating that
the resetting processing has been completed (S24).

When having received a wireless channel resetting request
signal from the mobile device 6, the base station 7 transmits,
to the exchange 2, a switching request signal used for switch-
ing a data transmission path, which leads from the mobile
device 6 to the exchange 2, from the path for data transfer to
a usual data transmission path (S25). The exchange 2 trans-
mits, to the base station 7, a switching response signal indi-
cating that the data transmission path has been switched from
the path for data transfer to the usual data transmission path
(S26).

The base station 7 having received a resource releasing
instruction signal from the mobile device 6 resumes commu-
nication with the exchange 2 and the mobile device 6 (S32).
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When having received uplink data from the mobile device 6,
the base station 7 transmits stored uplink retained data to the
exchange 2 first, and after that, transmits, to the exchange 2,
uplink data received from the mobile device 6.

In addition, the base station 7 releases the path for data
transfer and the channel (S27). After the path for data transfer
and the channel have been released, the base station 7 trans-
mits, to the base station 4, a resource releasing instruction
signal instructing to release the path for data transfer and the
channel (S28).

The base station 4 having received the resource releasing
instruction signal releases the path for data transfer and the
channel (529). After having released the path for data transfer
and the channel, the base station 4 transmits, to the relay
station 5, a resource releasing instruction signal instructing to
release the path for data transfer and the channel (S30). When
having received the resource releasing instruction signal, the
relay station 5 releases the path for data transfer and the
channel (S31).

As described above, after transferring data retained in the
relay station 5 and the base station 4, which serve as handover
sources, to the base station 7 serving as a handover destination
has been completed, the wireless communication system 1la
resumes communication with the exchange 2 and the mobile
device 6. Owing to this, it may be possible for the wireless
communication system 1a to switch a base station and a relay
station, which serve as the communication destinations of a
mobile device, without generating the reordering of data.

In addition, after each node has performed release process-
ing for a path for data transfer and a channel, a resource
releasing instruction signal is transmitted to another node.
Therefore, it may be possible to release a path and a channel,
disused after transfer processing for retained data.

FIG. 11 is the processing flowchart diagram of the relay
station 5 serving as a handover source, in the sequence dia-
gram in FI1G. 10. In the flowchart in FIG. 11, the same symbol
is assigned to the same processing as in the sequence diagram.
Using the flowchart in FIG. 11, processing in the relay station
5 will be described in more detail.

After the setting of a path used for retained data transfer has
been completed (S16), the relay station 5 starts storing therein
retained data transmitted from the base station 4 (S19). When
the reception of the retained data has been completed (S19:
YES), the relay station 5 refers to the final sequence number
SN1 of data having already been received from the mobile
device 6 before handover processing (S42). The final
sequence number SN1 of data having already been received
from the mobile device 6 has been recorded in an RLC pro-
tocol serving as a retransmission protocol, in the form of a
state variable.

The relay station 5 refers to the final sequence number SN2
of data retained in the storage unit 50 (S43). The final
sequence number SN2 of the retained data is a state variable
in the RLC protocol. The relay station 5 calculates a difter-
ence between the SN1 and the SN2 (S44).

The relay station 5 reads uplink retained data from the
storage unit 50 (S45). The relay station 5 removes I[P/UDP/
GTP-U serving as exchange protocols, from the read uplink
retained data (S46). On the basis of the difference between the
SN1 and the SN2, calculated earlier, the relay station 5
replaces a sequence number with respect to residual data after
the removal of the exchange protocols (S47). Owing to the
above-mentioned processing, the uplink retained data in the
relay station 5 turns out to have a data format at the time of
being received from the mobile device 6.

The relay station 5 transfers the retained data to the base
station 7 (S22). When the transfer of the retained data has
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been completed (S49: YES), the relay station 5 transmits an
EndMarker (S23). After the transfer of the retained data has
been completed, the relay station 5 releases the path for data
transfer, which has become disused (S31).

As described above, it may be possible for the relay station
5 to convert the protocols and the sequence numbers of pieces
of data retained in both of the base station 4 and the relay
station 5, which serves as handover sources, and transfer the
pieces of data to the base station 7 serving as a handover
destination.

FIG. 12 is the block diagram of a wireless communication
system 15 serving as a portion of the wireless communication
system 1. The wireless communication system 14 includes
the exchange 2, the network 3, the base stations 4 and 8, the
relay stations 5 and 9, and the plural mobile devices 6. In F1G.
12, the same number is assigned to the same member as in
FIG. 1, and the description thereof will be omitted.

In the present embodiment, handover processing will be
described thatis performed when the mobile device 6 belong-
ing to a cell range formed by the relay station 5 has moved to
a cell range formed by the relay station 9.

FIGS. 13A and 13B are the schematic diagrams of data
processing operations in individual nodes when handover
processing has occurred in the wireless communication sys-
tem 15 in FIG. 12. FIG. 13A is a schematic diagram when
handover processing has occurred during the transmission of
data from the exchange 2 to the mobile device 6. FIG. 13B is
a schematic diagram when handover processing has occurred
during the transmission of data from the mobile device 6 to
the exchange 2. In FIGS. 13A and 13B, the same number is
assigned to the same member as in FIG. 1, and the description
thereof will be omitted.

In FIG. 13A, during transmitting downlink data from the
exchange 2 to the mobile device 6, the relay station 5 per-
forms processing for handing over from the relay station 5 to
the relay station 9. When handover has occurred during the
transmission of downlink data, data is retained in the base
station 4 and the relay station 5. The retention of data occurs
in a wireless section. The protocol of data retained in the base
station 4 is different from the protocol of data retained in the
relay station 5. So as to avoid protocol conversion processing
at the time of transferring the retained data, the retained data
in the base station 4 is transferred to the relay station 9 along
with the retained data in the relay station 5 after having been
transferred to the relay station 5.

Using a sequence number assigned to data, the relay station
5 and the relay station 9 notify each other of where data
transmitted and received before the handover processing ends
and where new data begins after the handover processing. The
sequence number is independently managed between nodes.
Therefore, even ifthe sequence numbers of data are compared
between different nodes, it is difficult to understand the
anteroposterior relationship of data. Therefore, at the time of
the occurrence of handover processing, it is desirable that
timing adjustment is performed on retained data transfer
between base stations, retained data transfer between relay
stations, and the reception of data newly received from the
exchange 2 after the handover processing.

Using FIG. 13 A, the outline of handover processing at the
time of transmitting downlink data will be described. When
the handover processing has occurred, the base station 4 starts
transferring downlink retained data to the relay station 5
(S61). After the transfer processing for the downlink retained
data has finished, the base station 4 notifies the relay station 5
of transfer completion. The relay station 5 having received a
notice from the base station 4 starts transferring retained data
to the relay station 9 (S62). After the transfer processing for
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the retained data has finished, the relay station 5 notifies the
relay station 9 of transfer completion.

The relay station 9 having received the transfer completion
notice notifies the exchange 2 and the mobile device 6 of data
transfer completion. The exchange 2 having received the data
transfer completion notice from the relay station 9 resumes
transmitting to the mobile device 6. The exchange 2 transmits
downlink data to the base station 8. The base station 8 trans-
mits the received downlink data to the relay station 9 (S63).
When having received the downlink data, the relay station 9
transmits, to the mobile device 6, data in order starting from
old downlink retained data stored in a storage unit in the relay
station 9 (S64). As a result, the mobile device 6 receives data
including the downlink retained data in the relay station 9 and
the downlink data transmitted from the exchange 2, in that
order.

As described above, by controlling transfer processing for
data retained in the base station 4 and the relay station 5, it
may be possible to optimize data transmission to the mobile
device 6 after the handover processing.

In FIG. 13B, during the transmission of data to the
exchange 2, the relay station 5 performs processing for hand-
ing over from the relay station 5 to the relay station 9. When
handover has occurred during the transmission of uplink data
from the mobile device 6, uplink data is retained in the relay
station 5.

Using FIG. 13B, the outline of handover processing at the
time of the transmission of uplink data will be described.
When the handover processing has occurred, the relay station
5 starts transferring the uplink retained data to the relay sta-
tion 9 (S866). In addition, it is assumed that since the base
station 4 is coupled to the exchange 2 by a wire, the retention
of'uplink data due to the handover processing does not occur.

After the completion of the transfer processing for the
uplink retained data, the relay station 5 notifies the relay
station 9 of transfer completion. The relay station 9 having
received the transfer completion notice from the relay station
5 notifies the exchange 2 and the mobile device 6 of data
transfer completion.

The mobile device 6 having received the data transfer
completion notice from the relay station 9 resumes transmit-
ting to the exchange 2. The mobile device 6 transmits uplink
data to the relay station 9 (S67). When having received data,
the relay station 9 transmits, to the base station 8, uplink
retained data existing in the storage unit in the relay station 9,
in chronological order (S68). The base station 8 transmits the
received uplink retained data to the exchange 2. As a result,
the exchange 2 receives data including the uplink retained
data in the relay station 9 and the uplink data transmitted from
the mobile device 6, in that order.

As described above, by controlling transfer processing for
data retained in the base station 4 and the relay station 5, it
may be possible to optimize data transmission to the
exchange 2 after the handover processing.

FIGS. 14A and 14B illustrate changes in the sequence
number of retained data in data transfer. FIG. 14A illustrates
a change in the sequence number of downlink retained data.
FIG. 14B illustrates the sequence number of uplink retained
data.

In FIG. 14A, pieces of downlink retained data whose
sequence numbers SN=10, 11, and 12 exist in the base station
4. Pieces of downlink retained data whose sequence numbers
SN=98, 99, and 100 exist in the relay station 5. When the
pieces of downlink retained data in the base station 4 have
been transmitted to the relay station 5, sequence numbers are
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reassigned thereto (S70). New sequence numbers satisfy
SN=101, 102, and 103 so as to follow data retained in the
relay station 5.

The relay station 5 transfers the pieces of data of SN=98 to
103 to the relay station 9 (S71). By transmitting the pieces of
downlink retained data in the base station 4 to the relay station
5 once and transferring the pieces of downlink retained datato
the relay station 9 after having arranged the sequence num-
bers thereof, it may be possible to transfer to the relay station
9 with maintaining an anteroposterior relationship between
pieces of data separately retained in the base station 4 and the
relay station 5.

In FIG. 14B, the sequence numbers of pieces of uplink
retained data retained in the relay station 5 satisfy SN=98, 99,
and 100. So as to be transmitted to the base station 4, the
sequence numbers have been converted, in the relay station 5,
into numbers different from when having been received from
the mobile device 6.

On the other hand, the sequence numbers of pieces of data
not having been transmitted from the mobile device 6 satisfy
SN=13, 14, and 15. Accordingly, if the data of the relay
station 5 is transferred to the relay station 9 without change, in
some cases the sequence numbers of pieces of uplink retained
data in the relay station 5 become larger than the sequence
numbers of pieces of data not having been transmitted from
the mobile device 6, as in the present embodiment. As a result,
order reversal occurs between the pieces of uplink retained
data in the relay station 5 and the pieces of data not having
been transmitted from the mobile device 6.

In order to avoid reversal of data, on the basis of the
sequence numbers of the pieces of data not having been
transmitted from the mobile device 6, the relay station 5
reassigns sequence numbers so that the sequence numbers
satisfy SN=10, 11, and 12, before transferring the pieces of
uplink retained data to the relay station 9. The relay station 5
transfers, to the relay station 9, the pieces of uplink retained
data to which the sequence numbers have been reassigned
(S72).

After having transferred the pieces of uplink retained data
to the relay station 9, the mobile device 6 starts transmitting
data to the relay station 9 (S73). Owing to this, it may be
possible for the mobile device 6 to resume transmitting data to
the exchange 2 with maintaining data order before the han-
dover.

FIG. 15 is the sequence diagram of the wireless commu-
nication system 15 when the mobile device 6 is handed over
from the relay station 5 to the relay station 9.

The mobile device 6 periodically transmits the measure-
ment value of received signal power to the relay station 5
(S80). The relay station 5 executes determination processing
for determining whether or not handover (HO) processing is
to be performed (S190). When, as the result of the determi-
nation, having determined that the handover is desired, the
relay station 5 outputs a handover (HO) request signal used
for starting the handover processing, in accordance with the
node configuration of a handover destination (S81). The base
station 4 having received the handover request signal from the
relay station 5 starts the handover processing, and transmits a
handover request signal to the base station 8. The base station
8 having received the handover request signal from the base
station 4 starts the handover processing, and transmits a han-
dover request signal to the relay station 9.

When having received the handover request signal, the
relay station 9 sets a path for data transfer and a channel, used
for transferring, to the relay station 9, retained data retained in
the relay station 5 (S82). When the setting of the path for data
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transfer and the channel has been completed, the relay station
9 transmits a handover response signal to the base station 8
(S83).

When having received the handover response signal, the
base station 8 sets a path for data transfer and a channel, used
for transferring retained data (S84). When the setting of the
path for data transfer and the channel has been completed, the
base station 8 transmits a handover response signal to the base
station 4 (S85).

When having received the handover response signal, the
base station 4 sets a path for data transfer and a channel, used
for transferring retained data (S86). When the setting of the
path for data transfer and the channel has been completed, the
base station 4 transmits a handover response signal to the
relay station 5 (S87).

When having received the handover response signal, the
relay station 5 sets a path for data transfer and a channel, used
for transferring retained data (S88). When the setting of the
path for data transfer and the channel has been completed, the
relay station 5 transmits, to the mobile device 6, a wireless
channel resetting request signal used for switching the cou-
pling destination of the mobile device 6 to the relay station 9
(S103).

After having transmitted the handover response signal, the
base station 4 transmits downlink retained data to the relay
station 5 (S89). In accordance with the downlink retained data
in the relay station 5, the relay station 5 converts the format
and the sequence number of the downlink retained data
received from the base station 4. In addition, the relay station
5 converts the sequence number of the uplink retained data on
the basis of the sequence number of the data of the mobile
device 6, the data of the mobile device 6 not having been
transmitted (S90).

After having transmitted the wireless channel resetting
request signal, the relay station 5 notifies the relay station 9 of
the sequence number of the final packet data of the retained
data retained in the relay station 5 (S91). The relay station 9
having received the sequence number starts transfer monitor-
ing processing for the retained data received from the relay
station 5.

After having notified the relay station 9 of the sequence
number, the relay station 5 starts transferring the retained data
in the relay station 5 to the relay station 9 (S92). After having
transferred all the retained data, the relay station 5 transmits,
to the relay station 9, an EndMarker indicating the transfer
completion of the retained data (S93). By receiving the End-
Marker, the relay station 9 detects the transfer completion of
the retained data transferred from the relay station 5.

When having received the resetting request signal for a
wireless channel from the relay station 5 serving as a han-
dover source, the mobile device 6 executes resetting process-
ing for communicating with the relay station 9 serving as a
handover destination (S104). When the resetting processing
has been completed, the mobile device 6 transmits, to the
relay station 9, a resetting completion notice signal indicating
that the resetting processing has been completed (S94).

When having received a wireless channel resetting request
signal from the mobile device 6, the relay station 9 transmits,
to the exchange 2, a switching request signal used for switch-
ing a data transmission path, which leads from the mobile
device 6 to the exchange 2, from the path for data transfer to
a usual data transmission path (S95). The exchange 2 trans-
mits, to the relay station 9, a switching response signal indi-
cating that the data transmission path has been switched from
the path for data transfer to the usual data transmission path
(S96).
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The relay station 9 having received a resource releasing
instruction signal from the mobile device 6 resumes commu-
nication with the exchange 2 and the mobile device 6 (S97).
When having received uplink data from the mobile device 6,
the relay station 9 transmits stored uplink retained data to the
exchange 2 first, and after that, transmits, to the exchange 2,
uplink data received from the mobile device 6.

In addition, the relay station 9 releases the path for data
transfer and the channel (S98). After the path for data transfer
and the channel have been released, the relay station 9 trans-
mits, to the base station 8, a resource releasing instruction
signal instructing to release the path for data transfer and the
channel (S99).

The base station 8 having received the resource releasing
instruction signal resumes communication with the exchange
2 and the mobile device 6 (S105), and releases the path for
data transfer and the channel (S106). After having released
the path for data transfer and the channel, the base station 8
transmits, to the base station 4, a resource releasing instruc-
tion signal instructing to release the path for data transfer and
the channel (S107).

The base station 4 having received the resource releasing
instruction signal releases the path for data transfer and the
channel (S100). After having released the path for data trans-
fer and the channel, the base station 4 transmits, to the relay
station 5, a resource releasing instruction signal instructing to
release the path for data transfer and the channel (S101).
When having received the resource releasing instruction sig-
nal, the relay station 5 releases the path for data transfer and
the channel (S102).

As described above, after transferring data retained in the
relay station 5 and the base station 4, which serve as handover
sources, to the relay station 9 serving as a handover destina-
tion has been completed, the wireless communication system
15 resumes communication with the exchange 2 and the
mobile device 6. Owing to this, it may be possible for the
wireless communication system 15 to switch a base station
and a relay station without generating the reordering of data.

In addition, after each node has performed release process-
ing for a path for data transfer and a channel, a resource
releasing instruction signal is transmitted to another node.
Therefore, it may be possible to release a path and a channel,
disused after transfer processing for retained data.

FIG. 16 is the processing flowchart diagram of the relay
station 5 serving as a handover source, in the sequence dia-
gram in FI1G. 15. In the flowchart in FIG. 16, the same symbol
is assigned to the same processing as in the sequence diagram.
Using the flowchart in FIG. 16, processing in the relay station
5 will be described in more detail.

After the setting of a path used for retained data transfer has
been completed (S88), the relay station 5 starts storing therein
retained data transmitted from the base station 4 (S89). When
the reception of the retained data has been completed (S89:
YES), the relay station 5 refers to the final sequence number
SN1 of data having already been received from the mobile
device 6 before handover processing (S192). The final
sequence number SN1 of data having already been received
from the mobile device 6 has been recorded in an RL.C pro-
tocol serving as a retransmission protocol, in the form of a
state variable.

The relay station 5 refers to the final sequence number SN2
of data retained in the storage unit 50 (S193). The final
sequence number SN2 of the retained data is a state variable
in the RLC protocol. The relay station 5 calculates a difter-
ence between the SN1 and the SN2 (S194).

The relay station 5 reads uplink retained data from the
storage unit 50 (S195). The relay station 5 removes [P/UDP/
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GTP-U serving as exchange protocols, from the read uplink
retained data (S196). On the basis of the difference between
the SN1 and the SN2, calculated earlier, the relay station 5
replaces a sequence number with respect to residual data after
the removal of the exchange protocols (S197). Owing to the
above-mentioned processing, the uplink retained data in the
relay station 5 turns out to have a data format at the time of
being received from the mobile device 6.

The relay station 5 transfers the retained data to the relay
station 9 (S92). Until the transfer of all pieces of retained data
is completed (S199: NO), the relay station 5 continues the
transfer processing (S195 to S92). When the transfer of the
retained data has been completed (S199: YES), the relay
station 5 transmits an EndMarker (S93). After the transfer of
the retained data has been completed, the relay station 5
releases the path for data transfer, which has become disused
(S102).

As described above, it may be possible for the relay station
5 to convert the protocols and the sequence numbers of pieces
of data retained in both of the base station 4 and the relay
station 5, which serves as handover sources, and transfer the
pieces of data to the base station 8 serving as a handover
destination.

FIGS. 17A and 17B are the schematic diagrams of data
processing operations in individual nodes in the wireless
communication system 15. While a node configuration is the
same as in FIGS. 13A and 13B, pieces of retained data are
transferred to a handover destination with being grouped
together in a handover source in FIGS. 13A and 13B. On the
other hand, in the present embodiment, pieces of data retained
in a base station and a relay station, which serve as handover
sources, are individually transferred to a base station and a
relay station, which serve as handover destinations. By indi-
vidually transferring pieces of retained data, it may be pos-
sible to reduce protocol conversion processing desired when
pieces of retained data are grouped together.

FIG. 17A is a schematic diagram when handover process-
ing has occurred during the transmission of data from the
exchange 2 to the mobile device 6. FIG. 17B is a schematic
diagram when handover processing has occurred during the
transmission of data from the mobile device 6 to the exchange
2. In FIGS. 17A and 17B, the same number is assigned to the
same member as in FIG. 1, and the description thereof will be
omitted.

In FIG. 17A, during the reception of data from the
exchange 2, the mobile device 6 performs processing for
handing over from the relay station 5 to the relay station 9.
When handover has occurred during the transmission of
downlink data from the exchange 2, the downlink data is
retained in the base station 4 and the relay station 5. The
retention of data occurs in a wireless section. The downlink
data retained in the base station 4 and the relay station 5 is
called downlink retained data. The protocol of downlink data
retained in the base station 4 is different from the protocol of
downlink data retained in the relay station 5. So as to avoid
protocol conversion processing at the time of data transfer, the
downlink retained data in the base station 4 is transferred to
the base station 8, and downlink retained data in the relay
station 5 is transferred to the relay station 9.

Using FIG. 17A, the outline of handover processing at the
time of transmitting downlink data will be described. When
the handover processing has occurred, the relay station 5
starts transferring downlink retained data to the relay station
9 (S111). After the relay station 5 has started transferring
downlink retained data, the base station 4 starts transferring
downlink retained data (S112). The reason why the relay
station 5 starts transfer processing in first is that since a
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section between a relay station and a base station is a wireless
section, it is highly likely that data transfer between relay
stations takes a longer time than data transfer between base
stations.

After the transfer processing for the retained data has been
completed, the relay station 5 notifies the base station 8 of
transfer completion. When the base station 8 has received the
transfer completion notice from the relay station 5 and the
transfer of the downlink retained data from the base station 4
to the base station 8 has been completed, the base station 8
notifies the exchange 2 and the mobile device 6 of a switching
request.

The exchange 2 having received the switching request
notice from the base station 8 resumes communication with
the mobile device 6. The exchange 2 transmits downlink data
to the base station 8 (S113). The downlink data transmitted to
the base station 8 pushes out downlink retained data existing
in a storage unit in the base station 8 (S114). The downlink
retained data pushed out from the base station 8 pushes out
downlink retained data existing in the storage unit in the relay
station 9 (S115). As aresult, the mobile device 6 receives data
including the downlink retained data in the relay station 9, the
downlink retained data in the base station 8, and the downlink
data transmitted from the exchange 2, in that order.

As described above, by controlling transfer processing for
data retained in the base station 4 and the relay station 5, it
may be possible to optimize data transmission to the mobile
device 6 after the handover processing.

In FIG. 17B, during the transmission of data to the
exchange 2, the mobile device 6 performs processing for
handing over from the relay station 5 to the relay station 9. In
when handover has occurred during the transmission of
uplink data from the mobile device 6, uplink data is retained
in the base station 4 and the relay station 5. The protocol of
uplink data retained in the base station 4 is different from the
protocol ofuplink data retained in the relay station 5. So as to
avoid protocol conversion processing, the uplink retained
data in the base station 4 is transferred to the base station 8,
and the uplink retained data in the relay station 5 is transferred
to the relay station 9.

Using FIG. 17B, the outline of handover processing at the
time of the transmission of uplink data will be described.
When the handover processing has occurred, the relay station
5 starts transferring the uplink retained data to the relay sta-
tion 9 (S116). In addition, it is assumed that since the base
station 4 is coupled to the exchange 2 by a wire, the retention
of'uplink data due to the handover processing does not occur.

After the completion of the transfer processing for the
retained data, the relay station 5 gives notice to the base
station 8. The base station 8 having received a transfer
completion notice from the relay station 5 notifies the
exchange 2 and the mobile device 6 of a switching request.

The mobile device 6 having received the switching request
notice from the base station 8 resumes communication with
the exchange 2. The mobile device 6 transmits uplink data to
the relay station 9 (S117). The uplink data transmitted to the
relay station 9 pushes out uplink retained data existing in the
storage unit in the relay station 9 (S118). The uplink retained
data pushed out from the relay station 9 is transmitted to the
exchange 2 through the base station 8 (S119). As a result, the
exchange 2 receives data including the uplink retained data in
the relay station 9 and the uplink data transmitted from the
mobile device 6, in that order.

As described above, by controlling transfer processing for
data retained in the base station 4 and the relay station 5, it
may be possible to optimize data transmission to the
exchange 2 after the handover processing.
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FIGS. 18 A and 18B are first sequence diagrams when data
transfer processing operations in FIGS. 17A and 17B are
performed in the wireless communication system 14.

The mobile device 6 periodically transmits the measure-
ment value of received signal power to the relay station 5
(S120). The relay station 5 executes determination processing
for determining whether or not handover (HO) processing is
to be performed (S190). When, as the result of the determi-
nation, having determined that the handover is desired, the
relay station 5 outputs a handover (HO) request signal used
for starting the handover processing, in accordance with the
node configuration of a handover destination (S121). The
base station 4 having received the handover request signal
from the relay station 5 starts the handover processing, and
transmits a handover request signal to the base station 8. The
base station 8 having received the handover request signal
from the base station 4 starts the handover processing, and
transmits a handover request signal to the relay station 9.

When having received the handover request signal, the
relay station 9 sets a path for data transfer and a channel, used
for transferring, to the relay station 9, retained data retained in
the relay station 5 (S122). When the setting of the path for
data transfer and the channel has been completed, the relay
station 9 transmits a handover response signal to the base
station 8 (S123).

When having received the handover response signal, the
base station 8 sets a path for data transfer and a channel, used
for transferring retained data (S124). When the setting of the
path for data transfer and the channel has been completed, the
base station 8 transmits a handover response signal to the base
station 4 (S125).

When having received the handover response signal, the
base station 4 sets a path for data transfer and a channel, used
for transferring retained data (S126). When the setting of the
path for data transfer and the channel has been completed, the
base station 4 transmits a handover response signal to the
relay station 5 (S127).

The base station 4 transmits the handover response signal
and notifies the base station 8 of the sequence number (SN) of
the final packet data of the retained data retained in the base
station 4 (S129). The base station 8 having received the
sequence number starts transfer monitoring processing for
the retained data received from the base station 4 (S131).

When having received the handover response signal, the
relay station 5 sets a path for data transfer and a channel, used
for transferring retained data retained in the relay station 5 to
the relay station 9 (S128). When the setting of the path for
data transfer and the channel has been completed, the relay
station 5 transmits, to the mobile device 6, a wireless channel
resetting request signal used for switching the coupling des-
tination of the mobile device 6 to the relay station 9 (S130).

After having transmitted the wireless channel resetting
request signal, the relay station 5 notifies the relay station 9 of
the sequence number of the final packet data of the retained
data retained in the relay station 5 (S132). The relay station 9
having received the sequence number starts transfer monitor-
ing processing for the retained data received from the relay
station 5 (S133).

After having notified the relay station 9 of the sequence
number, the relay station 5 starts transferring the retained data
in the relay station 5 to the relay station 9 (S134). After having
transferred all the retained data, the relay station 5 transmits,
to the base station 8 and the relay station 9, an EndMarker
indicating the transfer completion of the retained data (S135).

By receiving the EndMarker, the relay station 9 detects the
transfer completion of the retained data transferred from the
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relay station 5 (S136). The relay station 9 waits until process-
ing for transferring retained data from the base station 4 to the
base station 8 is completed.

The base station 4 starts transferring the retained data to the
base station 8 (S138). After having transferred all the retained
data, the base station 4 transmits, to the base station 8, an
EndMarker indicating the transfer completion of the retained
data (S139).

After the completion of the reception of the retained data in
the base station 4, the base station 8 receives the EndMarker
from the base station 4. When having received the EndMark-
ers from both of the relay station 5 and the base station 4, the
base station 8 transmits, to the relay station 9, a transfer
completion notice signal indicating that the transfer of all
pieces of retained data has been completed (S140).

When having received the resetting request signal for a
wireless channel from the relay station 5 serving as a han-
dover source, the mobile device 6 executes resetting process-
ing for communicating with the relay station 9 serving as a
handover destination (S137). When the resetting processing
has been completed, the mobile device 6 transmits, to the
relay station 9, a resetting completion notice signal indicating
that the resetting processing has been completed (S141).

When having received the transfer completion notice sig-
nal from the base station 8 and the wireless channel resetting
request signal from the mobile device 6, the relay station 9
transmits, to the base station 8 and the exchange 2, a switch-
ing request signal used for switching a data transmission path
leading to the exchange 2, from the path for data transfer to a
usual data transmission path (S142). The exchange 2 and the
base station 8 transmit, to the relay station 9, switching
response signals each of which indicates that the data trans-
mission path has been switched from the path for data transfer
to the usual data transmission path (S143).

The relay station 9 having received a resource releasing
instruction signal resumes communication with the exchange
2 and the mobile device 6 (S144). When having received
uplink data from the mobile device 6, the relay station 9
transmits stored uplink retained data to the base station 8 first,
and after that, transmits, to the base station 8, uplink data
received from the mobile device 6. In addition, when having
received downlink data from the base station 8, the relay
station 9 transmits stored downlink retained data to the
mobile device 6 first, and after that, transmits, to the mobile
device 6, downlink data received from the base station 8.

In addition, the relay station 9 releases the path for data
transfer and the channel (S145). After the path for data trans-
fer and the channel have been released, the relay station 9
transmits, to the base station 8, a resource releasing instruc-
tion signal instructing to release the path for data transfer and
the channel (S146).

The base station 8 having received the resource releasing
instruction signal resumes communication with the exchange
2 and the mobile device 6 (S147). When having received
downlink data from the exchange 2, the base station 8 trans-
mits stored downlink retained data to the relay station 9 first,
and after that, transmits, to the relay station 9, downlink data
received from the exchange 2. In addition, the base station 8
releases the path for data transfer and the channel (S148).
After the path for data transfer and the channel have been
released, the base station 8 transmits, to the base station 4, a
resource releasing instruction signal instructing to release the
path for data transfer and the channel (S149).

When having received the resource releasing instruction
signal, the base station 4 releases the path for data transfer and
the channel (S150). After the path for data transfer and the
channel have been released, the base station 4 transmits, to the
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relay station 5, a resource releasing instruction signal
instructing to release the path for data transfer and the channel
(S151).

When having received the resource releasing instruction
signal, the relay station 5 releases the path for data transfer
and the channel (S152). As described above, in the present
embodiment, after transferring data retained in the relay sta-
tion 5 and the base station 4, which serve as handover sources,
to the relay station 9 and the base station 8, which serve as
handover destinations, has been completed, the wireless com-
munication system 15 resumes communication with the
exchange 2 and the mobile device 6. Owing to this, it may be
possible for the wireless communication system 15 to switch
a base station and a relay station without generating the reor-
dering of data.

In addition, after each node has performed release process-
ing for a path for data transfer and a channel, a resource
releasing instruction signal is transmitted to another node.
Therefore, it may be possible to release a path and a channel,
disused after transfer processing for retained data.

FIG. 19 is the processing flowchart diagram of the base
station 8 serving as a handover destination, in the sequence
diagram in FIGS. 18A and 18B. In the flowchart in FIG. 19,
the same symbol is assigned to the same processing as in the
first sequence diagram. Using the flowchart in FIG. 19, pro-
cessing in the base station 8 will be described in more detail.

After the setting of a path used for retained data transfer has
been completed (S124), the base station 8 starts storing
therein retained data transferred from the base station 4
(S138). The base station 8 waits for an EndMarker to be
transmitted from the base station 4 serving as the base station
of a handover source, the EndMarker indicating the transfer
completion of retained data (S139). When having received
the EndMarker (S139: YES), the base station 8 transmits a
transfer completion notice signal to the relay station 9 serving
as a handover destination (S140). In addition, the base station
8 waits for an EndMarker to be transmitted from the relay
station 5 serving as the relay station of a handover source, the
EndMarker indicating the transfer completion of retained
data (S135).

When having received the EndMarkers from both of the
base station 4 and the relay station 5, which serve as handover
sources (S153: YES), the base station 8 resumes communi-
cation with the exchange 2 and the mobile device 6 (S147). In
addition, the base station 8 releases the path for data transfer,
which has become disused (S148).

As described above, by receiving the EndMarkers from
both of the base station 4 and the relay station 5, which serve
as handover sources, it may be possible for the base station 8
to monitor the transfer completion of retained data in the base
station 4 and the relay station 5.

FIGS. 20A and 20B are second sequence diagrams when
data transfer processing operations in FIGS. 17A and 17B are
performed in the wireless communication system 15. In the
second sequence diagram, the same symbol is assigned to the
same processing step as in the first sequence diagram in FIGS.
18A and 18B, and the description thereof will be omitted.

Inthe transfer of retained data from the relay station 5 to the
relay station 9, when having received, from the relay station 5,
an EndMarker indicating the transfer completion of data
(S160), the base station 8 suspends transfer to the relay station
9 (S161). By receiving the EndMarker, the base station 8
detects the completion of the transfer of retained data from the
relay station 5 to the relay station 9.

The base station 8 stores therein retained data transferred
from the base station 4 (S138), and when having received an
EndMarker indicating transfer completion (S139), the base
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station 8 transmits, to the relay station 9, the EndMarker
received from the relay station 5 and suspended (S162).

As described above, in the processing in the second
sequence diagram, the EndMarker transferred from the base
station 4 to the base station 8 serves as a trigger to transfer the
EndMarker that has been received from the relay station 5 and
held in the base station 8. Owing to this, it may be possible for
the relay station 9 to recognize that the transfer of all pieces of
retained data in the relay station 5 and the base station 4 has
been completed.

FIGS. 21A and 21B are third sequence diagrams when data
transfer processing operations in FIGS. 17A and 17B are
performed in the wireless communication system 15. In the
third sequence diagram, the same symbol is assigned to the
same processing step as in the first sequence diagram in FIGS.
18A and 18B, and the description thereof will be omitted.

Inthe transfer of retained data from the relay station 5 to the
relay station 9, when having received, from the relay station 5,
an EndMarker indicating the transfer completion of data
(8170), the relay station 9 transmits a transfer completion
notice signal to the base station 8 (S171). In addition, in the
transfer of retained data from the base station 4 to the base
station 8, when having received, from the base station 4, an
EndMarker indicating the transfer completion of data (S139),
the base station 8 transmits a transfer completion notice sig-
nal to the relay station 9 (S172).

As described above, in the processing in the third sequence
diagram, the base station 8 having received the completion
notice of retained data transfer between relay stations notifies
the relay station 9 of the completion of data transfer as soon as
retained data transfer between base stations is completed.
Owing to this, it may be possible for the relay station 9 to
recognize that the transfer of all pieces of retained data in the
relay station 5 and the base station 4 has been completed.

FIG. 22 is the processing flowchart diagram of the base
station 8 serving as a handover destination, in the third
sequence diagram in FIGS. 21A and 21B. In the flowchart in
FIG. 22, the same symbol is assigned to the same processing
as in the third sequence diagram in FIGS. 21 A and 21B. Using
the flowchart in FIG. 22, processing in the base station 8 will
be described in more detail.

After the setting of a path used for retained data transfer has
been completed (S124), the base station 8 starts storing
therein retained data transferred from the base station 4
(S138). The base station 8 waits for an EndMarker to be
transmitted from the base station 4 serving as the base station
of a handover source, the EndMarker indicating the transfer
completion of retained data (S139). When having received
the EndMarker (S139: YES), the base station 8 transmits a
transfer completion notice signal to the relay station 9 serving
as a handover destination (S172). In addition, the base station
8 waits for a transfer completion notice signal to be transmit-
ted from the relay station 5 serving as the base station of a
handover source, the transfer completion notice signal indi-
cating the transfer completion of retained data (S171).

When both of the reception of the EndMarker from the base
station 4 and the reception of the transfer completion notice
signal from the relay station 9 have been completed (S173:
YES), the base station 8 resumes communication with the
exchange 2 and the mobile device 6 (S147). In addition, the
base station 8 releases the path for data transfer, which has
become disused (S148).

As described above, by receiving both of the EndMarker
transmitted from the base station 4 and the transfer comple-
tion notice signal transmitted from the relay station 9, it may

10

15

20

25

30

35

40

45

50

55

60

65

26

be possible for the base station 8 to monitor the transfer
completion of retained data in the base station 4 and the relay
station 5.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in under-
standing the invention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although the embodiments of the
present invention have been described in detail, it should be
understood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the spirit
and scope of the invention.

What is claimed is:

1. A wireless communication system comprising:

a first base station coupled to an exchange;

a first relay station configured to perform wireless commu-
nication of data including a sequence number indicating
atransmission order, the first relay station configured to
communicate with the first base station and a mobile
device,

wherein
the first relay station receives first data with a first sequence
number from the first base station, renumbers the first
sequence number into a second sequence number, and
stores the first data with the second sequence number
into a storage,
the first relay station selects a first node as a handover
destination, and
when the first node is a second base station coupled to the
exchange, the first relay station is further configured to:
receive second data with a third sequence number from
the first base station;

renumber the third sequence number into a fourth
sequence number such that the second sequence num-
ber and the fourth sequence number are sequentially
ordered; and

transmit the first data with the second sequence number
and the second data with the fourth sequence number
to the second base station.

2. The wireless communication system according to claim

1, wherein

when the first node includes a third base station coupled to
the exchange, and a second relay station configured to
perform wireless communication with the mobile device
and with the third base station, the first relay station is
further configured to:

receive third data with a fifth sequence number from the
first base station,

renumber the fifth sequence number into a sixth sequence
number such that the second sequence number and the
sixth sequence number are sequentially ordered; and

transmit the first data with the second sequence number
and the third data with the sixth sequence number to the
second relay station.

3. The wireless communication system according to claim

1, wherein

the first base station includes a second storage, and

when the first node includes a third base station coupled to
the exchange, and a second relay station configured to
perform wireless communication with the mobile device
and with the third base station, the first base station is
configured to transmit fourth data stored in the storage to
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the third base station, and the first relay station is further
configured to transmit the first data to the second relay
station.
4. The wireless communication system according to claim
1, wherein
the first relay station is further configured to:
receive fifth data with a seventh sequence number from the
mobile device, renumber the seventh sequence number
into an eighth sequence number and store the fifth data
with the eighth sequence number into the first storage,
select a second node as a handover destination, and

transmit the fifth data with the seventh sequence number to
the second node.

5. A relay station configured to perform wireless commu-
nication with a mobile device and with a first base station
coupled to an exchange, the relay station comprising:

a first interface configured to:

receive first data from the first base station including a first

sequence number indicating a transmission order; and
renumber the first sequence number into a second sequence
number; and

a storage configured to store the first data with the second

sequence number, wherein

when a second base station coupled to the exchange is

selected as a handover destination, the first interface is
configured to:

receive second data with a third sequence number from the

first base station;

renumber the third sequence number into a fourth sequence

number such that the second sequence number and the
fourth sequence number are sequentially ordered;

and transmit the first data with the second sequence num-

ber and the second data with the fourth sequence number
to the second base station.

6. The relay station according to claim 5, wherein

when a third base station coupled to the exchange, and a

second relay station configured to perform wireless
communication with the mobile device and with the
third base station are selected as a handover destination,
the first interface is further configured to receive third
data with a fifth sequence number from the first base
station,

renumber the fifth sequence number into a sixth sequence

number such that the second sequence number and the
sixth sequence number are sequentially ordered;

and the first data with the second sequence number and the

third data with the sixth sequence number to the second
relay station.

7. The relay station according to claim 5, further compris-
ing:

a second interface configured to:

receive fourth data with a seventh sequence number from

the mobile device; and

renumber the seventh sequence number into an eight

sequence number

wherein

the storage is further configured to store the fourth data

with an eighth sequence number, and

when a first node is selected as a handover destination, the

first interface is further configured to transmit the fourth
data with the seventh sequence number to the first node.
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8. A wireless communication method executed by a system
including a relay station configured to perform wireless com-
munication of data including a sequence number indicating a
transmission order, with a mobile device and with a first base
station coupled to an exchange, the method comprising:

transmitting first data with a first sequence number from

the first base station to the first relay station;
renumbering the first data with the first sequence number
into a second sequence number;

storing the first data with a second sequence number into

the first relay;

selecting a first node as a handover destination; and

when the first node is a second base station coupled to the

exchange, transmitting second data with a third
sequence number from the first base station to the first
relay station,

renumbering the third sequence number of the second data

into a fourth sequence number such that the second
sequence number and the fourth sequence number are
sequentially ordered

and transmitting the first data with the second sequence

number and the second data with a fourth sequence
number to the second base station.
9. The wireless communication method according to claim
8, wherein
when the first node includes a third base station coupled to
the exchange, and a second relay station configured to
perform wireless communication with the mobile device
and with the third base station, the first relay station

receives third data with a fifth sequence number from the
first base station,
renumbers the fifth sequence number into a sixth sequence
number such that the second sequence number and the
sixth sequence number are sequentially ordered; and

transmits the first data with the second sequence number
and the third data with the sixth sequence number to the
second relay station.

10. The wireless communication method according to
claim 8, wherein

when the first node includes a third base station coupled to

the exchange, and a second relay station configured to
perform wireless communication with the mobile device
and with the third base station, the first base station
transmits fourth data stored in the first base station to the
third base station, and the first relay station transmits the
first data to the second relay station.

11. The wireless communication method according to
claim 8, further comprising:

transmitting fifth data with a seventh sequence number

from the mobile device to the first relay station;
renumbering the seventh sequence number into an eighth
sequence number;

storing the fifth data with the eighth sequence number into

the first relay station;

selecting a second node as a handover destination; and

transmitting the fifth data with the seventh sequence num-

ber from the first relay station to the second node.
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